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la  recent  years  improvements  in  algorithms  and  computing  power  have  allowed 
the  regular  use  of  three-dimensional  viscous  flow  programs  to  analyse  the  flows  in 
turbines.  3efore  these  programs  can  be  used  with  confidence  by  the  turbine 
designer,  however,  they  must  be  validated  by  comparison  with  high  quality  experi¬ 
mental  data  taken  at  realistic  conditions. 

A  transonic  turbine  nozzle  guide  vane  has  been  tested  in  an  annular  cascade 
with  two  different  endwall  geometries.  The  measurements  were  taken  at  engine- 
representative  flow  conditions  and  include  surface  static  pressures  and  a  down¬ 
stream  area  traverse  of  total  pressure. 

The  flow  through  these  geometries  has  been  modelled  at  the  test  conditions 
using  a  three-dimensional  viscous  flow  program.  The  effects  of  different  mesh 
densities  and  two  turbulence  models  have  been  studied.  Predictions  of  secondary 
flow  and  loss  have  been  obtained  and  are  compared  with  the  experimental 
measurements. 


This  liesnrandia  is  a  facsinile  of  a  paper  to  be  presented  at  ike  77th  Sysposim 
of  the  AGAHD  PEP,  San  Antonio,  Pesos,  hay  1332. 
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3a  aaa  jsecs  rqFssagagga  ic-&jseni=» 
33*  poer  base  iliac!  tie  reguV- 

use  cf  rfcse-dhscafrcai  ucsosrs  2cm'  ..  "- 
p— g-y-*  CO  analyse  tie  Scvstec  Ertebaa. 
Before  ataggas.Tra.caaicaei.'icSiJ 
confidence  by  the  crteteg  drsig-ws-, 
they  rrvs~.be  wa.ifdac;*adhg  comanfacc  vita 

»»»  *«*->!  Aj^>  gj,  - 

eriirisa- 


a  gzaaic  *— ncrzle  gride  case  has 
been  testeifc  aazrrular  £2*zi  with  tao 
diffeces:  eshelr.  csaeres^ae  beesme- 
aeca  «e®  sfia:  s  egiBcspEBiadw 
un^x,  ccnficircs  end  c-.~t-rv»  sag^aiaca&asSs 
pressures  end'i  eaesrrsao  erea  traverse  cf 
rocel  pressure^  ’  '  ' 


-y-rb.aac-4  er  the.  rest  carfiticcs  usage 

e£Seca  cf  difftaso  nsis  dg.-.:r.-jy  end  no 
— — k-To-cto  nfea  hm  hfieo  aaiifrf. 
Faefcixs  cf  sessfaq;  f2c»  end  2css  J»se 
Seen  obtained  and  aa  cipieJ  with  the:' 


i.  sgocccsza; 

The  use  cf  tlgee-dvsyteic«^vi?nccs  5U«, 
programs  to  analyse  the  flow  in-tufar- 
nateineoy  blade  passages  has  becoce  vine- 
spread  a  reset  years;  In  general  these 
setteds  are  currently  used  to  analyse  exist¬ 
ing  designs  cr  to  check  specific  features  cf 
a  new  design  in  the  final-stages  cf  the 
design  process.  If  these  settees  are  to 
realise  their  full  potential  for  radically 
irpre-.-ing  tusbccateinery  design  they  rust  be 
used  mch  e*- Her  in  the  design  process - 
This  requires  the  designer  to  have  confidence 
in  the  capability  of  theprogram  and  also  a 
good  understanding  of  the  effect  of  the 
available  options,  such  as  nesh  sire  and 
density,  or  different  turbulence  uodels. 

To  help  prove  this  confidence,  a  turbine 
nozzle  guide  vane  (ngv) ,  designed  for 
transonic  flows,  has  been  tested  in  annular 
cascade  foun  with  two  different  endvall 
shapes  in  the  Isentrcpic  Light  Piston  Cascade 
(UPC)  facility  at  BAS  Pyestock.  The  sane 
nozzle  geaoetry  has  been  analysed  using  a 
three-dinensicnal  viscous  flcv  pregraa  with 
different  meshes  and  turbulence  codeia.  Ihia 
paper  reports  the  results  of  these  ccrcuta- 
tiens  and  cakes  cerpa risers  with  the  experi¬ 
mental  results. 


2.  TrS  1EV  DESKS) 

The  ngv  tested  was  designed  at  the  Boyal 
Aerospace  Establisteent  as  part  of  a  high 
work  capacity,  high  blade  speed  turbine  known 
as  the  High  Bus  Speed  Turbine.  The  design 
philosophy  and  test  performance  have  been 


described  fa  a  perias  X3X>  paper  £He f  1) 

.  >we'hs«d*-g  aetaSnami.t  and  heat  transfer 
si.j  ■».-«  in  Sef  2.  The  blade  design  is 
ilte-treted  in  fugue  1-  2*  design  features 
c  cf  exit  rlcut  angle  along  the  scan 

aside  curved  tangential  srtk  cf  the  traulirg 
edge  to  cncrml  secondary  floss  by  sectirg  tg> 
spsrscae  pot  see  gradients.  Ac  the  design 
caacirfCQ  tie  err.  Mate  maber  is  1.05  and 
tie  Beynolds  nurcer  Ceased  cn  exit  ccndi tiers 
and  axial  chord)  is  1.73  x  12*.  The  original 
ngy  -es  designed  for  cylindrical  enSelis, 
but  as  part  cf  an  tecestigaticn  cf  pccertial 
irpmswenenrs  to  the  tr-nine  efficiency, 
-profited  hoc.  shapes  were  also  cnr.eifte3Bd- 


TSe  design  has  been  tested  with  two 

cf  these  endvall  shapes,  vfcite  are  here 
tanned  the  telbxcch  and  S-bead  prnmrfites 
(see  figure  1).  The  are  cf  these  enfrall 
tens  was  to  redone  toe  secondary  effects 
tw  re-energising  the  flow  neat  the  eocieil. 
The  distritetion  cf  curvature,  and  hence  the 
local  acceleration  providbS  to  the  flow, 
varied  between  the  two  designs. 


3.  v-v  -Type  VK-tT.TTy 

The  Isentrcpic  light  Krtcn  cascade,  cr  H2C, 
Ctef  3)  is  a  short  duaticn  facility  designed 
to  allow  hi^l  quality  heat  transfer  and 
aerodvoasc  oeasurenents  to  he  taken  for  a 
full-size  annular  cascade  of  turbine  vanes. 
Its  design  and  operation  has  been  described 
in  an  AGAFL'  paper  presented  in  1535  Pef  3) . 

A  rajor  extecoioc  of  the  facility,  to  enable 
heat  transfer  data  to  be  taken  frao  a 
rotating  rotor  rousted  dxestrean  of  the 
nozzle  rev,  has  been  designed  and  will  be 
installed  in  1531.  The  aerodynaric  ccodi- 
rvrrvs  upstre*oc  of  the  cascade,  to  mcch  the 
engine  parareters  of  exit  Kvch  number, 
Beynolds  nteber  and  gas-to-vall  tenparature 
ratio,  are  obtained  by  the  isentrcpic 
coepressien  of  air  in  a  large  jxrp  tube. 

This  cccpression  is  perforred  by  a  free 
piston  driven  along  the  tube  by  high  pressure 
air.  Kven  the  correct  conditions  are 
achieved,  a  fast-  :cting  plug  valve  opens 
allowing  the  ait  to  flow  through  the  cascade 
giving  steady  operating  conditions  for 
approximately  0.5  second,  during  which  tire 
aerodynamic  and  heat  transfer  data  can  be 
aujired. 

For  this  series  of  tests  the  instnrrentaticn 
consisted  of  static  pressure  tappings  at  a 
total  of  188  locations  on  the  vane  surfaces 
and  endwal Is.  An  area  traverse  of  total 
pressure  was  performed  on  a  plane  0.2  axial 
chord  downstream  cf  the  trailing  edge .  This 
was  built  up  from  a  series  of  27  circvrrferen- 
tial  sweeps  at  different  radii,  each  sweep 
requiring  a  separate  tun  of  the  UPC 
facility.  The  circuxferential  extent  of  a 
sweep  was  approximately  1.5  vane  pitches.  As 
it  was  desired  to  traverse  through  two  vane 
wakes  on  each  sweep  and  the  vane  wakes  were 
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Vy  gaat  T7:1-Jr  alj-acnenr.  cf 
rbe  •>-«-»-*-■■>  cf  tie  sand’aaisisme 
igoea ar?  to  patee  a  sai  aas  tueae. 

JSs  a  gsodcctas  the  aa>  traverse  tooc 

a  aw*  so  ua  dose  frr  ccly 

cae  eccSall  pmfllg.tbe  hf,vnrrrh  profile, 
oestits  reacted  jseviccely  —  the  eyHrrh-.- 
cal  erhoja  geauetr?  Otef  <3  *e=e  obtained 
with  a  tiree-bde  probe  with  hi^s-xeapccse 
ag  .-red  nea—  the  tit?.  TbfcSe 
results  suffered  f=r  a  bird  degree  cf.acise, 
rwh  c£  it  agrrrferanic-  Star  the  cjmect 
■**-•<**.  ci  taeaes  aaodiiaipie  cccfigu- 
was  aed.  SSis  eccfigcratiae  iad 
those  traosdcceos  with  lower  fremeory 
sesocese  arcccai  503  me  fraa  the  probe  head. 
-wr<  i*-Va-re  ieoess  the  probe  bead  .and  tbs 
taaioea  aqpears-to  damp  cct  the  aemcy- 
parse  effectively  whi  le  providing 
resoccse  to  caccune  adeaately  the 
toeieiss'.  2e  satosl  isoea?  cf  t!s 
system  is  s»  accoarirately  400  Ez. 


jiesraE  cf  cperrti.cn  cf  the  tmeae 
— sax  si?en 

mwr  the  hri>.  To  oserroee  these 
— ?r.y_^  two  different  prrie  tits  vena 
used;  a  straight  tip  far  the  traverses  above 
rdd-height  atd  a  "scaredter-tip  fer  these 
be’cw  (figure  2) .  By  using  these  oo  probe 
r<~K  it  was  tcssible  to  traverse  to  within 
7. Si  vase  height  ef  betfc  eni&lls. 


4.  aarssis  tEsco 

The  setbod  used  to  analyse  the  flow  is  the 
three-dimensional  viscous  flow  progra a  of 
Dawes  (Ref  5) .  This  solves  the  unsteady 
Reynolds  averted  Wavier  Stctes  equations  for 
a  steadv  solution  using  an  implicit  tire 
parching  algorithm.  Turbulent  stresses  are 
rwvgied  using  an  eddy  viscosity  ccnoept. 

Two  forrulaticns  of  eddy  viscosity  are 
available:  an  algebraic  rethod  doe  to  Baldwin 
and  Iccax  (Ref  6):  and  a.cne-equaticn  rethod 
patterned  after  that  of  Birch  (Ref  7) .  The 
latter  model  includes  an  additional  transport 
equation  for  turbulent  kinetic  energy  which 
is  solved  using  a  spaoe-  marching  algorithm. 
In  the  Baldwin-Lcoax  model  lardnar-turixilent 
transition  is  modelled  by  specifying  loca¬ 
tions  for  the  start  and  end  of  transition  cn 
both  suction  and  pressure  surfaces.  A  value 
of  interaittency  is  then  calculated  for  each 
nesh  point  by  linear  interpolation  betwen 
these  specified  transition  locations.  .For 
the  current  series  of  calculations  tran¬ 
sition  cn  the  suction  surface  was  set  to 
start  at  251  axial  chord  (Cax)  and  end  at  60% 
Cax.  7he  corresponding  figures  for  the 
pressure  surface  were  401  and  90%.  The 
one-equation  methed  models  transition  through 
a  lw  Reynolds  number  damping  term. 

Soatial  discretisation  is  achieved  using  a 
sheared,  cell-centred  H-mesh.  Two  different 
densities  of  nesh  were  employed;  calculations 
with  meshes  1  and  2  used  25  points  circumr- 
ferentially,  25  radially  and  89  axially,  a 
total  of  55625  mesh  points,  while  those  with 
meshes  3  and  4  used  a  33  x  33  x  119  mesh 
(129591  mesh  points) .  In  each  case  the  mesh 
was  refined  considerably  near  solid  surfaces 


Fur  the  bellnccrh  eroell  shape  a  limited 
imvestigstioo  cf  ash  d£ae=£bor£*  t  was 
performed  by  varying  the  -r'cvnrm  at  the 
ax*  trailing  edges  for  the  SJ* 
overall  mxfcer  cf  aeafc  points.  Results  from 
all  tie  aeafa  densities  and  dnstni- 

beernzs  are  presented. 

2*  carvergeaoe  cf  the  program  is  azceleratef 
— a  wi«;— -w  Previous 

eacerzenoe  indicated  that  good  cxvcgcce 
ves  after  2033 'tine  steps  and  so 

this  sexfcer  was  used  fen  the  results  presen¬ 
ted  here.  At  this  print,  the  ms  value  cf 

aaaenrzmz  was  2.6  x  10^,  on  mesh 

4r  The  program  les  m  cn  a  Stardect  1500 
Ed-saempnen  and  2003  time  steps  cn 
aa  4  ^xucxirztely  43  bars  of  eng 


*  s.  -  ga  cagKgsa? 

She  e-~—  ?w»e s  emdqyed  fur  modelling  the 
Wl-wi-h  profile  are  compared  in  figures  3 
and  4.  The  different  nesh  refinenerts  at 
ard  trailing  edges  and  near  solid 
resulted  in  the  nesh  pacings  shewn 
in  table  1.  The  erdwall  boundary  layer  at 
the  first  plane,  cne  axial  chord  rpstrean  of 
the  leading  edge  was  set  to  have  a  thickness 
cf  £%  laigfct.  This  resulted  in  6 

points  in  this  inlet  boundary  layer  for 
meshes  1  and  2,  and  8  points  for  meshes  3 
and  4. 

The  mud-height  distributions  of  isectrcpic 
Kadi  xzxfeer  predicted  with  the  different 
neshes  are  compared  in  figure  5-  The  main 
variations  occur  cn  the  pressure  surface 
between  the  leading  edge  and  60%  axial  chord 
(Cax)  and  cn  the  suction  surface  at  about  60% 
Cax.  The  latter  feature  corresponds  to  the 
impingement  of  the  trailing  edge  shock  on  to 
the  suction  surface  and  the  differences  are 
prdoably  due  to  the  different  modelling  of 
■the  trailing  edge  flow  with  the  various 
meshes.  This  shock  is  modelled  best  with 
mesh  4,  which  has  the  finest  spacing  at  the 
trailing  edge.  Contours  of  Kach  lumber  near 
the  trailing  edge  are  illustrated  for  meshes 
2  and  4  in  figure  6.  Hie  pressure  surface 
boundary  layer  upstream  of  the  trailing  edge 
is  considerably  thinner  with  the  finer  mesh 
leading  to  delayed  separation  and  higher  peak 
Kach  ranber  at  the  trailing  edge.  This 
produces  the  stronger  shock  evident  where  it 
impinges  cn  the  suction  surface.  Oi  the 
forward  pressure  surface  the  isentrcpic  Kadi 
nmber  is  higher  with  the  finer  meshes  than 
the  coarser.  The  differences  appear  to  be 
associated  with  the  finer  cross-stream  mesh 
rather  than  the  axial  refinement,  suggesting 
that  they  are  due  to  the  improved  modelling 
of  the  pressure  surface  boundary  layer  as  a 
result  of  the  finer  spacing  of  meshes  3  and  4 
in  this  region. 

Figure  7  compares  the  secondary  flow3  near 
the  suction  surface  for  meshes  1  and  4.  The 
manner  in  which  the  endwall  crossflow  was 
swept  onto  the  suction  surface  can  be  clearly 
seen  in  both  cases.  The  finer  mesh  (4)  has 
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resclved  so  aeaaa  points  ef  sjs^Ees: 
rrv-v  *V  ;  ~  /c  each  <y~^11 

j-y— r-'-^-oiy  5M  cax  amd  £3%  Cax  with  tie 
±lc~  nearly  pa-vvtei  to  tie  evriraii  between 
tie  to.  tie  coarser  mesh  has  tie 

*«■**  r  -r;t'»y»no-T  eety  3f=fl2dy  to  th  -  firftr 
mesh  bet  ies  at  pitied  trx  tie  secccd. 

tie  (teelanes  ci  mass-averaged  loss  along 
tie  passage  is  sirva  for  eetb  tsti  to  figure 
8.  tie  results  £too  tie  finer  reshes  hew  a 
lower  cvereH  less  ties  these  frar  tie 
coarser  aesbes  reflecting  the  improved 
-vtevy-xg  c£  tie  blade  eod  en&all  bemdary 
layers  with  tie  liter  reties.  Also  they 
exhibit  a  rare  realistic  growth  of  loss 
tbreegh  tie  blade  passes;  tie  loss  with  tie 
coarser  rashes  grows  from  tie  lead ing  edge  to 
abect  301  Crc,  then  diminishes  before  growing 
again  towards  the  trailing  cost.  At  tie 
trailing  edge  nesh  4  shows  a  very  tepid 
growth  of  loss  with  little  further  growth 
downstream  whereat  the  ether  results, 
particularly  reshes  1  and  3,  show  less  growth 
at  the  trailing  edge  bet  significant  further 
growth  downstream.  This  is  attributed  to  the 
increased  nixing  of  the  flow  at  the  trailing 
edge  with  nesh  4  doe  to  the  finer  nesh 
spacing  in  this  region.  The  total  losses  at 
the  exit  plane  (1.0  axial  chord  downstream  of 
the  trailing  edge)  for  reshes  1  and  4  are 
0.031  and  0.032  respectively. 

Contours  of  total  pressure  on  a  cross-stream 
plane  at  120%  axial  chord  are  coopered  for 
all  four  reshes  in  figure  9.  The  distinctive 
curved  rate  is  doe  to  the  curved  trailing 
edtp  and  the  radial  variation  of  exit  angle. 
In  each  case  the  peak  loss  (aimerza  total 
pressure)  occurs  in  a  thick  region  around 
aid-height,  the  level  of  this  peak  loss  being 
similar  for  all  the  reshes.  Heshe3  1  and  4 
give  narrower  wakes  than  (respectively) 
reshes  2  and  3  suggesting  that  the  finer  mesh 
in  the  trailing  edge  region  has  changed  the 
retelling  of  the  flow  in  the  mixing  region 
downstream  of  tie  trailing  edge.  Also,  the 
wake  with  resh  4  is  narrower  than  with  mesh  1 
indicating  that  the  improved  modelling  of  the 
suction  and  pressure  surface  boundary  layers 
due  to  the  finer  near-wall  mesh  has  resulted 
in  thinner  boundary  layers  being  predicted  at 
the  trailing  edge. 

6.  TUR3ULBEE  MXSL  03-gARISCH 

The  above  results  were  all  produced  using  the 
Baldwin-bomax  turbulence  model  with  the 
specified  transition  locations.  Calculations 
have  also  been  performed  using  the  one 
equation  turbulence  model  cn  me3hes  1  and  4. 
The  development  of  the  mass  averaged  loss 
along  the  vane  passage  is  compared  for  these 
meshes  with  both  turbulence  models  in  figure 
10.  There  are  only  small  differences  between 
the  results  with  the  two  turbulence  models, 
particularly  with  the  coarser  mesh.  This  is 
consistent  with  the  findings  of  Daves  (Ref  8) 
which  he  attributes  to  most  of  the  loss  being 
generated  very  close  to  solid  surfaces, 
within  a  laminar  sub-layer  region  which  is 
carmen  to  both  models. 


g.  cagASSK  «st3  asawisg 

Tie  vernal  traces  detained  free  tie 

-»  vj-la  of  tie  three  hold  pit be  for  the 
erperisntal  sweeps  at  10%  and  30%  vane 
are  shoe:  in  figere  11.  A  sail 
goo  —  Of  --mrvhrng  *2*  CSSS  applied  tO  tie 
tracer,  to  remove  seme  bb^x  frequency  noise. 

*?Vv>  race  rates  ran  be  seen  clearly  in  both 
prices,  the  rate  at  50%  height  being  consider¬ 
ably  rate-  stem  that  at  10%  height.  Also 
evident  are  scoe  esmi  11  arises  in  tie  traces 
between  tie  rates.  These  are  due  to  flucro- 
arvs-s  with  rive  in  the  total  pressure  up¬ 
stream  of  the  vanes  arising  frmpdstcn 
velocity  variations  during  tie  cceratim  f 
tie  rig”  Because  of  tie  manner  in  which  who 
traverse  is  preferred,  a  variation  with  tire 
as  a  variation  with  position  when  the 
trace  is  plotted.  These  csri nations  can  be 
largely  removed  fcy  further  analysis  to  allow 
for  the  variation  in  upstream  total  pressure; 
the  results  at  10%  ard  50%  heigm  after  this 
ate.iv^.-w.i  processing  are  shown  in  figure 
12. 

The  individual  experimental  sweeps,  after 
processing,  have  been  combined  to  fora  a 
complete  area  traverse  and  contours  of  total 
pressure  are  shown  in  figure  13  together  with 
the  predictions  using  both  turbulence  models 
enmesh  4.  The  predictions  both  shew  wakes 
which  are  wider  at  mid-height  than  near  the 
endwalls.  The  wake  in  the  prediction  with 
the  coe-egaaticn  model  is  wider  (23%  pitch  at 
mid-height)  than  that  with  the  Baldwin-lccax 
model  (20%);  the  experimental  results  shew  a 
wake  which  is  slightly  wider  than  either 
predictico  (25%) .  The  cne-equaticn  model 
predicts  a  similar  deficit  of  total  pressure 
in  the  centre  of  the  wake  to  the  experimental 
value  but  the  Baldwin-Lcmex  mcdel  does  not 
capture  the  full  deficit.  In  cccixn  with  the 
experimental  results  neither  prediction  has 
identifiable  regions  of  secondary  loss  though 
the  Baldwin-Lcmax  results  do  exhibit  seme 
thickening  of  the  wake  near  the  hub.  The 
experimental  results  show  greater  curvature 
of  the  wake  near  mid-height  and  a  more  acute 
angle  between  the  wake  and  the  endwall, 
particularly  near  the  tip,  than  either  pre¬ 
diction,  with  again  the  one-equation  model 
giving  a  slightly  closer  result. 

8.  CCKRARISCN  CF  BEWAL1,  PRCSHSS 

hfeasurements  of  surface  static  pressure  were 
taken  for  both  the  beltoouth  and  S-bend 
endwall  profiles.  These  are  shown  on  figure 
14  in  the  form  of  iser.trcpic  tech  mirber 
distributions  at  101  and  50%  span,  together 
with  predictions  for  both  endwall  profiles, 
using  mesh  1  spacings.  At  10%  spin  the 
S-tend  hub  profile  has  increased  the  tech 
number  on  the  early  part  of  the  suction 
surface  and  slightly  increased  the  strength 
of  the  shock  at  approximately  70%  Cax.  The 
effect  on  the  pressure  surface  is  small.  At 
50%  span  there  is  very  little  difference 
between  the  two  sets  of  experimental  results, 
though  the  S-bend  tees  still  have  a  slightly 
higher  tech  number  over  the  early  suction 
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- -  agj.  c£  these  r«*fp-)°nnes  has  been 

wall  rodalled  iy  the  2»  program  thrash 
neither  prediction  captures  the  fell  shock, 
strength,  the  effect  e£  the  enfeall  profile 
cn  the  prof*' reel  ssfefey  £1cms  is  mllua- 
t-ated  -'n  f -hryelS  by  the  velocity  vectors 
-ear  to  the  suoricr.  surface.  It  appears  that 
•"he  C25323*  m  —  ,».w)nc#  CO  the  hi)  "  P— *9^3  CD 
S>  thesStim  surface  slightly  fcttber  d»=- 
. — f*~,  with  the  S-hedd  profile  bet  that  it 
does  so  at  a  greater  angle  retiring  rn  a 
Greater  scanwise  eztect  cf  the  rate  berg 
affected  hy  the  sercodary  flew,  the  ef-ect 
co  the  losses  is  srall  as  is  shwo  hy 
contours  cf  total  pressure  co  the  plane  at 
120%  Car  in  fig-are  16.  there  is  very  little 
difference  between  the  shape  cf  the  vase 
wales  or  the  total  presstre  deficits  for 
either  endall  profile,  the  total  loss  is 
0.031  cf  evit-  djnardc  head  for  the  bellrcuth 
profile  and  0.034  for  the  S-heod. 


g.  cacasias 

h  transonic  turbine  norrle  guide  vane  has 
been  tested  in  an  annular  cascade  facility 
with  two  different  endwall  profiles.  Vane 
surface  static  pressures  have  been  treasured 
and  a  traverse  cf  the  total  pressure  field 
downstream:  of  the  trailing  edge  has  been 
perforred  for  one  of  the  profiles. 

The  new  area  traversing  technique  has  given 
good  results.  It  has  been  found  necessary  to 
process  the  results  to  remove  the  effect  of 
pisten  oscillation. 

The  Dawes  three-dirensicnal  viscous  flew 
prograo  has  been  used  to  model  the  flow 
through  the  nozzle.  A  variety  of  mesh  densi¬ 
ties  and  distributions  have  been  investigated 
as  have  two  different  turbulence  nodeis. 

Good  agreement  has  been  obtained  for  the 
pressure  distributions  and  realistic  seccod¬ 
ary  flows  have  been  predicted.  It  was  farad 
that  the  finer  rteshes  gave  better  predictions 
of  the  static  pressure  distributions  and 
reduced  levels  of  loss  as  a  result  of  the 
improved  modelling  of  the  vane  surface 
boundary  layers. 

The  different  turbulence  models  were  found  to 
have  little  effect  on  the  predicted  overall 
loss  though  there  were  differences  in  the 
distribution  and  the  shape  of  the  vane  wakes. 
The  cne-oquation  turbulence  model  produced 
wakes  which  had  similar  levels  of  total 
pressure  deficit  to  the  experiment  and  had  a 
more  similar  shape  than  those  with  the 
Baldwin-hatax  algebraic  modal. 
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Kesn  4 

Axial  spacing  at  leading  edge  ts  axial  chord) 

0.35 

0.43 
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0.20 

Axial  spacing  at  trailing  edge  IS  axial  chord) 

0.35 

0.43 

0.50 

0.20 

Spanwise  spacing  at  endvall  IS  Dlade  height) 
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0.43 

0.24 

0.24 

Tangential  spacing  at  Olade  surfaces  (S  pitch) 

0.33 

0.33 

0.24 
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tangential  stack 


Fig  l  Illustration  of  ngv  design 
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Fig  13  Total  pressu-e  contours  on  a  piane  at  120%  axial  chord 
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16*  Descriptors  (Keywords)  (Desctiplwrcar&d  selected  from  TEST) 

Turbines*.  Viscous  flow. 


17,  Abstract 

In  recent  years  improvements  in  algorithms  and  computing  power  have  allowed  the  regu¬ 
lar  use  of  three-dimensional  viscous  flow  programs  to  analyse  the  flows  in  turbines. 
Before  these  programs  can  be  used  with  confidence  by  the  turbine  designer,  however, 
they  must  be  validated  by  comparison  with  high  quality  experimental  data  taken  at 
realistic  conditions. 

A  transonic  turbine  nozzle  guide  vane  has  been  tested  in  an  annular  cascade  with  two 
different  endwall  geometries.  The  measurements  were  taken  at  engine-representative 
flow  conditions  and  include  surface  static  pressures  and  a  down-stream  area  traverse 
of  total  pressure. 

The  flow  through  these  geometries  has  been  modelled  at  the  test  conditions  using  a 
three-dimensional  visc<  is  flow  program.  The  effects  of  different  mesh  densities 
and  two  turbulence  models  have  been  studied.  Predictions  of  secondary  flow  and 
loss  have  been  obtained  and  are  compared  with  the  experimental  measurements. 
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